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important t o  the perfornrance of the inlets as those arising f r a n  the 
engine and Fnlet charscteristics. 

N o r m a l - s h o c k  fixed.-gemetry-type inlets have  been  developed  which 
provide satisfactory performance for turbojet-parered  aircraft flying 
at speeds up t o  Mach  nunibere of the order of 1.1. As the flight speed 
of the abcref't is I n c r e ~ s e d  beyond the low supersanic level, the IIEULI- 
mum flow rate permitted by the inlet and the flow rate required by the 
engine diverge and cause the  inlet   to  spil l  the excess lpass of air 
resulting in  spLIhge drag. In additian,  loeses in total-pressure recuv- 
ery increase wlth Mach mmiber due t o  the Increaee i n  shock loss. The 
resulting  losses in perfcmmace have been studied in e nuniber of m+y- 
sea ouch RB that reported in reference 1. In sane such analyses, full 
theoretical W t i v e  drag has been assumed for the  spillage drag. In 
the case of r e - l i p  air inlets, t h i s  assmpticm h6s been sham by 
experimentel Inveatigatlane t o  be invalid. For such inlets, the actual 
measured spillage drag is in most cases substantially  less tban the 
additive drag; hence, the previous perf-ce anslysee have overesti- 
mated  performance losses. Ip view of the weight and m e c m c a l  complex- 
iQr of my variable-gecanetry-inlet systems  wbich might be  proposed t o  
alleviate these  performme losses, it appears worthwhile t o  reexmuhe 
several of the  fixed-geometry-it systems by wing far the perfarmance 
calculations experimentaUy determined drag and total pressureeecovery 
C h a r 8 C t e r i S t ~ C 6 .  

An analysis has, therefare, been made of the  influence of several  
f'actars on the "La.& of the deviation of the mmdmm power p e r f m -  
ance of s e v e r a l  fixed-gecnnetry inlets f r o a n  ideal VaLUes. factors 
treated were type of inlet, engine-air-jllar  characteristics, f l ight 
altitude, sped, and etznospherlc tenperatme.  Inlet types considered 
were the n d - s h o c k  upen-nose inlet, the wingaoot inlet, snd conical- 
shock inlet, each of whlch had had its drag and total-pressme-recovery 
characteristic8 determined experimentally. These experhentally deter- 
mined characteristics were  used in calculating the perfc#rrmance variations. 

A duct ar streem M e  cross-sectional &rea 

%e external drag coefficient based cm f ronta l  area, - D e  
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H total pressure 

h altitude 

P static pressure 

PA stmospheric pressure, NACA stanaard atmosphere 

T tatral temperature 

w engineelr=w&L@rb flow rate 

V velocity 

P density 
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e temperature rat io ,  T2 
SL 

Subscripts: 

0 free stream 

1 dzdmum duct area at  inlet  

2 engine c q r e s e a r  M e t  

100 f'ree-8tresm total pressure at ccqressm inlet 

SL B e 8  level 

r rated (sea-level etatic condition8 with no total-pressure 
def ic i t   a t  campreeaor inlet) 

. 
Genm Approach 

The general spprosch used in the anaJy6is consisted of f(r.lnP the 
inlet area at a value wbich w o u l d  Induct the full engine airSlar 
requirement at  M,, P 0.9 and at an altitude' of 35 J O O O  feet  in an HACPL 
standard atatmaphere. The inlet size was then held constant 4t this 
value and the maximum-power thruet"drag performance of the engine- 
inlet system was then conpared over a broad range of flight condi t im 
with the pprximum available wan me of the optimum inlet size. Iche 
analysis thus requlred  the  calculation of the perforPrrnce of the inlet 
with various M e t  eJrtrsnce-duct areas. Since the msxirmnn outer dimen- 
einn of the body aoUein& the engine is pormally fixed by other tbas 
inlet ComideratiatmJ the inleterea variations result in vleriatiaols of 
the external. and iat;ernal m e 8  f r o a n  the Inlet l i p  r e .  An emact 
a i s  w o ~ l d .  h a  require dmq ~ n d  pressureeecovery data far B very 
large &er of internal and external shapes wihich, of course, are not 
available. F&~mably, however, the extent of the inlet- variation 
included in the ~ m d y s i e  was not so great BB t o  involve lerge c-es in  
the inlee rl4nme+.er (ar l i p  he-t and width) relative  to the ~ e t a n c e  
between the i n l e t  lip tu.& that p o b t  downsfaxam which ie unaffected by 
changes in  i n l e t  size. Iche drag date. of reference 2 indicate that, when 



the larger va,luee of i n l e t - ~ p  fineness r a t i o  (corres" t o   lo^ w) 
are ccmaidered, only s m ~ t l l  changes in external drag are t o  be  ergected 
with e u b e t a n t h l  chmgee 3n inlet size far a fhed inlet lengt;h. Refer- 
ence 3 s i n d l a r l g  fndicates a negligible effect on the preseure  recovery 
ma;y be  expect& of the internal gem@* changes involved in the m&y- 
s i e .  Fcxr each type of inlet cmsidered, drag and pressureeecmezry d&ta 
far an inlet of fixed specific prapartlms was neceeearily used but, fcrr 
the reasme irdicated &me, their use in the analy8ie i s  cansldered 
acceptable. 



three canVenticmal engines shown. The c m e s  for the canstant  corrected 
weight9low engine and for engine 3 are   assmd for the  present 8 n d y S i S  
t o  represent limits between which moat turbojet  enghe  characteristics 
vlll f a l l  and the air-flow characteristics of these two engines were 
therefore used in the analysis. 

As is shawn in figure 4, spillsge drag characteristics vaxy widely 
for different  inlets. E%cept far the test point a t  the  highest Mach 
nlzPiber of the sweptback-"-.root-inlet test,  the theoretical sp-e 
drag curve from reference 8 hdicatee rather well  the trends of spillage 
drag with h b c h  mer. In a l l  cases, the  external drag coefficient i s  
based on the same area relative  to  the  inlet area. Although inlets I 
and V haa identical l i p  shapes, the drag-cunre slopes were mibatantially 
different at  traneonic and stqersaolic speeds. The c m e s  f&ired arbi- 
trar- through the test points for the round-lip nose inlets were used 
in  the analysis and are thought t o  represent  possible extremes of drag- 
curve alapes for such M e t e .  !The additfveldrag-cunre  slqpe was used in 
addition t o  the experhenta3 drag-rmrve elope in  a portion of the analy- 
sis t o  shaw the effect of maxianan spillage drag an performEtnce. 

Drag and pressureaecavery  dxmacterfstics used tn the  calculations 
for the open-nose Fnlete I and V appear in ftgures 5 t o  7. The drag 
curyes for m/q, = 1.0 (fig. 3) were obtained in f reea l lgh t  measurements 
on fin-etabilieed  research bodies and fm tple drag curves against mass- I 

flaw r a t i o  (fig. 6) were conetruded frm thoee of figures 4 and 5. 
Innnrmlr?h as the geametric proportitma, &erbodies, aml fin6 were identi- 
cal for U t e  I, V, and the c a c ~ ~ a l  shock inlet (fig. I), a direct can- . 
parison of external drag can be made. Data o b t ~ i n e d  In the  tests 
reported in references 3 and 9 were used in pr-ing the norn~L-shock 
nose-Wet  pressureeecuvery data (fig. 7). It is  ass- in the w- 
a i s  that the pressure-recuvery characteristics  are independent of 
external shape. 

D a t a  obhjned with the Wingao0-b W e t  cosfigurstian of reference 5 
and hitherto unpublished w e r e  used in the analyeis snd are presented in 
figure -8. In the preparatim of the conical-shock inlet curves of fig- 
ure 9, external drag values at maximm ma8s-fl.o~ ra t io s  were obtained 
frcnn reference 6, sp- drag data from reference 7, ard pressure- 
recovery data frm refepence 10. 

Procedure 

When referenced, t o  a specific engine, a even area of the inlet 
KLIl correspond t o  a mms-flw r a t i o  at which the met will deliver a 
cert;ain pressure recovery t o  the engine am3 a certain drag cmtributim 
t o  the ext;ernal flow. The e&ne thrust minus the external drag ce,n 
thus be calcu lated as a function of ma~s-flow r a t i o  and typical  results 



of such a calculation  are given for t he  nose b l e t s  I and V in figure 10. 
As the flight speed i s  increased beyond Mach der 1.0, the external- 

to occur at mass91ow ratios near, but Smewhat  l ees  than, the chaking 
VEtlUes. 

- drag-curve slope increaees, and the peak performance of the Bystem tends 

After the calculation of %he curves illustrated in figure 10, a 
first kial selectbn of the inlet areas was made. Since operation of 
the lnlets In the wersized  conditian was anticipated at  the higher 
flAgkt speeds, the areas were chosen t o  correapord t o  m f i  = 0.94 at - 0.9; thls conditim was deemed as close an approach t o  choldng 
conditions as w o u l d  be desirable (see fig. 7). A t  ather Mach mmibers 
the inlet aperates at mass-flar ratios which are determined by the 
engFne air-flow dbaracteristics. The mat- ~ ~ a e s S l o w  ra t io  at  each 
Mach rmiber was determined fram the lntersectian of two curves of mass 
flow aga3,ns-t maes-flar ratio;  one of the curves rwes&s the dbw- 
able mass f3.m through the inlet, (tn = (m.)pBV$L1) ,  and the otpler 

curve represents  the nms required by the engine for the to"wessure 
comtione at the caqpressm met, (m a H~/H,(~~)) .  TIE r e e ~ l t ~ n g  
~ l a s s - f l a ~  ratio sc13.ed-s for e e e  s/@ and 3 operating with me 
preeeure-recovery chazacterlstics of figure 7 are aham in figure U. 
Siace the mss-flaw rattos inqlosed by the engines are thus Imam, per- 

fmPlance ratios of the matched systems mey then be read 
. 
r 

from the curves of figure 111 and are indicated on these m s  ti- 
. a t  the appropriate mass-flaw ratioe. After an " t i o n  of the per- 

formance with the first -&M inlet size, i q r m d  colqpraanisee were 
adhieved, as Ku1 be d i s ~ ~ e d  later with other choicee of inlet area. 

DISCUSSIDN OF RESULTS 

PerfmPlance at 35,000 Feet 



Far all inlets, (figs . 12 am3 13) t he  8/fi engine  tended to keep the 
inlet lll~~ss flow at an appraxhmte3.y conetEtnt fractim of the 
possible (figs. ll and l3), and t h e  tbrustainua-drag  ratios for inlets 
cmibined with t h i s  engine did not vary greatly with Mach nlndber. All 
design mass-flow ratios and corresponding  Fnlet areas considered are 
tabulated in table I. 

The air-flow  characteristics of engine 3 were such 88 to impose a 
cmtinuouely dindnishlng reas-flow ratio an t h e  systems as the hch 
nlnciber was increased. The performsnce curves thus became  influenced by 
W e t  apKUage drag and pressure-recovery va;riation with mass-flaw ratio. 
Inlet I, whlch had the least  drag-curve slupe, performed  well  throughoub 
the W h  numiber range in spite of the low mass9low ratio  imposed by 
engine 3 at higher Mach nuxibere. Even with the relatively high drag 
curve  slope of inlet V, the performnce deficit was only 6 percent  at 
the highest h c h  nunib- when coplibined w3th *hie engine; it is thus indi- 
cated  that  excessive perfmmmce losses  need not be expected of fixed- 
gecxwtry norm,l-shock nose  inlets at && nuuibws up to 1.5 when sdject 
to engine air=flaw  characteristics VEtrJring between those of the two 
engines  coneidered. 

An examlnatian of figure II) will disclose  that a value of design 
-8~-fla~ ratio far inlet I wtth the 8/45 englne lower than  the value 
of 0.94 picked initially would hsve constituted  a mare f8vamble selec- c 

tian. Biz- the lnlet in this case far a design mass-flow ratio of 0.90 
at b&, P 0.9 resulted in qptrLmum o[p very close to  opthum perfarmance 
mer the entire Mach nupiber range (fig. =(a)). A mibstantially better . 
choice of area was made for the wing-rout inlet 00; the perfornrance 
was upt4rmrm at- within 1/2 percent of optimum  at all Mach mmibers treated 
with an inlet of des- mss9low ratio 0.83 (fig. l2(c)). 

The initial choice of design mass ratio  proved to be reasossbly 
satisfactory for the wingeoot  inlet with englne 3. Calculat$one  were 
msde for an increased mea of this i n l e t  (des" maes flar ratio 0.84) 
wfth the purpose of obtstdnbn  ingraved  gerform3nce at the design speed. 
The results shm that the hqrm-ement.attained was made  at  a  great 
sacrifice in performance  at the higher  speeds,  where the luwered mass- 
flow ratios ipl;posd by engine 3 caused losses in the farm of spillage 
drag ard even m e  ipl;pcmtant losses in thrust  because of the reduced 
total-pressure  recovery. 'phe latter  difPiculty  arises frm the chmac- 
terietic  tendency of the fueelage side air M e t  toward  lowered  pressure 
recoveries  at  reduced mass-flow ratio8  because of losses due to errtrrain- 
meat of the fuselage b- layer. 

The effect of the sir-flow characteristics of engine 3 on the coni- 
cal shock Met was to force  such a luwaass9lov;ratio conilltim au the 
system at the higher speeds ae to result in intolerable  performance loa= 
sea and probably  internal flaw lnetabillty (fig. 13). As hcse been 
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IdLet Design Cansideratiane 

The foregoing analysis indicates  the extent t o  whlch a fixed- 
geometry inlet of a particular design can approach the maxizmrm perfcxrm- 
mce e a l e  t o  that same type of M e t  canfigmatian with t he  entrance 
area adjusted t o  the optimum value. When the design of a ccPqplete air- 
craft  configmatian is under analysis, e d  the lnlet des- bEts been 
established in general form, the ext;ernal lines of the internal-flm 
Bystem can be efficiently c d i n e d  with those of the other aircraft 
cmpaneats in such a manner as to arrive at a cross-sectional area dis- 
tribution like that of a " d r a g  b d y  of revolution (ref. U). The 

equivalent fineness ratio af the  crossdectimal area dAa.gmm of the 
enthe configuratian rather than by Bummatiaa of the drag cm-bibution 
of isolated carpanent8 such as air inLets. Woq at- a satlsfactacy 
averall area -am, the d e e i g m r ' s  Fpterest in the Isolated &ag con- 
tribution of tbe & inlets will be of a secondary na-hme. E the per- 
formsnce of a fked-gemetry hlet system is  then ~ppraieed, the prapul- 

sive thrust ratio Fn De as calculeted for the configuration 

drag of the €&plane is thus C O n k r O l l e d  largely by the S l R o O t ~ s s  and 

m 

- under conaideratian will lndlcate clearly the w o r t h  09 each Inlet size  
ccmsidered. 

In those cases w h e r e  it is desired t o  ampraise the perfcrrmance of 

before, m s s e s  the prorytmiw of the performance of a particular eystem 
t o  Its peak performme, lna icates only t h  fnlet size requified for the 
best caqrdsed perfammnce.  Although an inlet mey be shown to operate 
favorably close t o  Its optinnrm performesce In this manner, the des3gner 
muet further conelder whether the optimrnn performance i t se l f  i s  g o d  and, 
in cases where a choice in inlet type is available, must ccqeze  the 
gerfonaance of the dlfferent designa considered in an absolute sense. 

In figure 12, for exazqple, it was shown that the law drag=curve 
elape of lnlet I permitted the system to opemte mare closely t o  optimum 
conditions than did inlet V. Although the drag-cn slope of inlet V 
I s  the less favarsble, it is  knm that, abave a Mach napber CS apprapd- 

inlet I (flgg. 5). U- the reducedaws=f~=ra t io  dtiose 
- mate- 1.1, Its d r a g .  a t  mxLmm maesSlow ratios is lower t h n  tbat of 



associated wlth sqersmlc qperaticm of the inlets as designed far 

be as W g e  as to result in supersonic  thrust minus drag performesce 
inferior to that of inlet I must be considered. The propulsive  thrust 
wae therefare  calculated RB a  fraction  of engfne ideal  thrust In fig- 
ure lk for inlets I &nd V. Figure &(&) was calculated  for the engine 
of constant  carrected maes flaw and since  the massdlaw ratios far t b i s  
engine remain at a high, neaxly cms.t;ant value, spillage drag does not 
enter  materially in the perfcmmnce, M c h ,  therefare,  reflects the drag 
advantages of inlet V at high mas-f low ratios. 

M P 0.9, the.qmStfa SB to w h e t h e r  the Spillege drag of inlet V will 

!l%e reduc&a~ss-f'law ratios imposed at  strpersonic Nach pullibers by 
engine 3 result in greater spillage drag for inlet V, but  figure lk(b) 
shows nevertheless  that the initial drag advantage of inlet V at high- 
mea-flaw ratios is suf'?Xcien-Uy great to result Fn bigher values of 
prupulsive  thrust at supersonic mch nunibere.  Hence,  it is W c a t e d  
that, far the  range of engine air flow and free-stream W h  IYLmibers 
considered,  it w o u l d  be desirable to favor a low minimum drag inlet 
C&igUr&tia  rather than ope with & h f  d r c r g " V e  slope. This 18 
thought to be geperally t r ue  since the crossover point of the curyes for 
drag againet maseSlow ratio for the vartous apen-nose inlets of refer- 
ence 4 occurs  outside the m e t  efficient  inlet-engine  operating  range of 
the  present asalyeie. appears, therefare, that a choice of apenlsose 
inlet  design,  s*ject o d y  to aerodynamic evaluation, should probably 
depd prizparily on the mirt imm drag chsfacteristics of the inlet body 
and not on the drag"ve slape. A method for obtdning practical 
m.ln(nnmrilrag nose-inlet  bodies is  presented In reference 12. 

Speed Range of Efflclent Normalahock Inlee Performme 

The uuiformity ai? the f%a and afterbodies of the inlet collfigura- 
tiom of references 4 and 6 lpakes possible a performance canparism 
which  indicates  the Mach number regia in which the ncrrmal-shds inlet 
must be abandoned in favcxr of the higher  pressure recmerles obtainable 
with the w e  of extem supersosic cmpressinn. Calculations for the 
engine of constant  corrected  weight  flow  were &e with this purpose in 
mind, and the results are shown in figme 15. Eqerimentel d.ata for 
normal-shock inLets  at Mach numbers in excess of 1.5 are unavailable. 
m e  drag at  these blgher Mach m e r e  was therefore  eetlmated ae indi- 
cated by the dashed portian of the curye far inlet V (fig. 5 )  and the 
preeeure  recovery was estimated by r e d u c m  the ~0 = 1.0 curve (fig. 7) 
by the appropriate nanaal-shock total-pressure loss. 



cwical-shock M e t .  A t  lower speeds, the performaace 09 the normd- 
* shock inlet is probably unexceyed. 

Effect of Altitude op1 Perfaflllance of t b  Fixed4emetr-y  System 

Zkcept for the effects af R e y n o l a s  nmiber, the carrected.-wei&t flow 
of air  t o  a turbo3et engine a t  a given Mach rmiber and revolutian per 
minute i s  independent of altitude above apprcximtely m,ooO feet. The 
system-anass-flow-mtio vesiatim with Mach mer will, therefare, 
remain constant and p e r f m e  cllr~es of figures 12 and 13 Ku1 hold 
a t  altitudes above 3,000 feet. 'phe W e t s  a8 designed folr = 0.9, 
4% 5: 0.94, and an atit- of 35,000 feet would IE forced by the 
engine air flaw t o  operate at the follmlng m s 8 - f "  ratios at the sea- 
level  static cosditicm if there were m tokl-pressure deficit at the 
ccplIpressor inlet: 

I S n d V  
I a n a V  
W i n g  root 
W i n g  root 
C o n i c a l  shock 
conical shock 

3 .k 
3.04 
3.34 
2896 
3.38 
3 -01 

Actually, of course, total-pressme  losses appear a t  the ccqressor 
inlet and the actual mass-flaw ratios at   static sea-level crmditiane will 
be favorably l ese  than these - b u t &  values  being reduced in direct 
proportion to the tatd pressme at the ccqressor inlet. The &lcflow 
damads on a J l  inlats cansiaered above wIl1, therefore, be less than the 
amount xhich the inlet could deliver with isentropic flow and W h  
ber unity at the inlet mintmum area. W actual. chokhg mans-flow ra t io  
of tm lnlet at  static cmditians is a sensitive function of the Inlet l ip  
des@ (see refs . 13 L4) ; and the duct s e a c e  m t e u  wacezrb. 
Among tlae inlets canaidered, the  cdcal4hock inlet i s  the mt vulner- 
able t o  choking and large total-pressure losses at the static candLtian 
because of its 'sharp Up. 

A t  a Madh rider of 0.9 at sea level, which  represerrb =try of the 
c lb ib  condition, inlet-engine conibinatioss whidh showed god performance - in figure 12 also will operate at satisfactmy 1~ass9lcrw ratios: 



I I I I t 
The propulsive th rus t  ra t io  was not evaluated for the cmical-slmck inlet 
for the lack of drag and presetrreaecoveqr data, but  uperation at  satis- 
factory m a - f l o w  ratios may be expected because of the  eimilarity of its 
M e t  area and that of the rmee " t s .  

One mag infer f'rau the faregoing calculations that the method used 
t o  select the inlet area in this analysis will provide a fixed-geoaeetry 
inlet  of satisfactmy perfarnrance at sea-level take-off and clinib  condi- 
tione and at high-epeed cmditiam at  and above 35,000 feet, except in 
those  cases where engines of relatively low airSlow increase with M ~ c h  
m&er are t o  be operated at f-at Mach r m i b e r e  above 1.5. 

meet of Nonstandard A i r  an the Performance 
L 

of a FixedlGeanraetry  System - 
The -is has so far treated the  case of englne=inlet  performme 

i n  the NACA standard atmosphere. The enghe a i r d m  dharacterietics are 
mELterialJy affected by the atmoepherlc ten~eratufe, however, and the per- 
formnce on a hot (s+nnrlnrd tenprature+400 B) end. a cold (stanaerd tem- 
perature " 0 0  F) day was therefore  calculated for the " b e  SB designed 
for & P 0.9 at  35,000 feet  in a standard atamsphere. (Note  that the 
effect of ambient temperature on t h e  &solute performme does not appear 
in these  calculations.) As sham ip figme 16, engine 3 requfres higher 
maae9lav ratios on the cold deg and lmer prrss91m ratios a the hot day. For any specified Mach nmiber the maes-flaw ratio of the inlet  with 
the engbe of canstant w0ight flaw f8/&) will ramdn indepen8ed of alti- 
tude and atmospheric taqemture,  if the effects cm the diffuser pressure 
recOYery of the c o n c d h n t  vaxiatian In Repolas Tluaiber are neglected. 

Standard-ahosphere perfarmance curves of figure 12 are  reprduced 
in figure 17 far caaapctrison with the points calculated  for  the  hot a d  
cold day. The propulsive thrust ratios for the ncam+nndnsd crmditians 
e-ress the prapulsive thrust resUzed under these conditiaple as a f'rac- 
tiau Oco the prapulsive thrust poesible with the optimum inlet size under 
those same conaitione. The polnte were calculated for fllglrt; at "ue 
airspeeds correapondbg t o  M = 0.9, 1.2, and 1.5 In the  standard aianos- 
phere. The tqerature effecte on the fraction of the perfammce 



- 
potential realized is  greater than  the effects a r ig" thg  in the Charac- 
teristics of the engine air flov. 'phe maseSLar r a t io s  QL~ the cold day 
are so high as t o  be marginal wlth respect t o  chdking (fig. 16) at the 
M e r  Mach mmibers and the  perfamaace i s  reduced there because of 
reduced pressure recovery. Performance gab" result at  the higher Ikch 
Iumibere where the increased nrass9low ra t io  reduces the spillage drag. 
Converse effects were obtained for the hot day; that is, performance 
losses due t o  s p w e  drag are iacreased at the higher Mach mmibers and 
at the lower MELch nunibers the drag-curve slopes are laK enough t o  p e t  
a net gain in perfarmance as a result of pressure-recmery iarproveuent. 

c 

The W e t  with engFne 3 will aperate a t  the follaring mass-flow 
r & t i O S  with no total-pressure  losses at the s e a - k v e l  static cadition: 

Temperature 

%td - kOo F 
tstd 
t6td + 40° F 

As be inferred from the tests of reference l4, inlets of sufpiciently - rounded lip8 w l l l  be  free of choking under the &me condltlane since for 
the case of -st n.ta,ss-fm ra t io  (CU w) a pressure recavery as 
hlgh aa 0.95 w3.U result in EL maes-flow ratio of approximately 0.gO. 

The ext;ent to which the performance of a fixd=e.rea inlet approaches 
that potent3Uy  available with an inlet of canstantly variable eiee 
tbmughout the W h  mniber range ie dependent upon the raa at wpzich the 
engine air flow rises  uith Mach muiber and upcm the effects of Mach wm- 
ber on the islet spillage drag varlatian with m~ss9lar ratio. In the 
present andy-sis, several specific narmEtlcehock inlets w e r e  stud ied  mer 
a Mach nuuiber range q t o  1.5 and a conical-shock inlet wae studied q 
t o  Mach n&er of 2.0 by using e q p e r ~ ~  determined dmg and preesure- 
recovery data. It was shown that f l x e d a e a  versions of dl the I n l e t s  
cansidered can aperate at nearly opt- perfcummace at  "off, 
the limits of the analysis when mtched  with an engine of constant c m -  
and hQh-~ped highdtitUae fl- at Mach -w at l a s t  t o  

m rected weight flow. With an engine of relatively low rate of &=flow 
increme with Edach d e r ,  appraxlmtely optimum performme also c&p be 
reallzed  with an inlet  of low gpllhge drag rate a t  Bkch nuuibers &en&Ing - 



up t o  at  least 1.5 whereas an inlet of high spillage drag rate provides a 
sanewhat lower performance as a result of aperaticp at  lowered mass-flow 
rat ios .  I n  the case of the latter engine, the mass-flcrv ra t ios  at Mach 
nmibers fram 1.5 t o  2.0 =e so l o w  ES to  result  in weat performance 
lossee and possible inlet instability for a conical shock inlet; i n  which 
case sane form of variable g e m t r y  is a m e n t -  necessculg. 

O t h e r  consideration6 indicate that the choice ode Fnlet design should. 
fsvor those of low mblmum drag even though there be associated E greater 
increase in drag with reductIan in mass-flow ra t ios .  It WES also shown 
that the performance of the conical-shock inlee considered exceeded that 
of the normal-shock o p e n m e  inlets a t  a MEbCh nmber between 1.5 and 1.6. 

The performance of inlets matched r l t h  an engine of canstant cor- 
rected weiglrG flow was shown t o  be relatively independent ode ambient tem- 
perature. For the engine of law rate .of air flow, the  effects of &lent 
temperature were found to be as impartant t o  the Inlet performance aa 
engine characteristic or inlet design, with the possibi l i ty  of inlet  
choking a t  the lower fligat speeds on a cold w. 
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(b) Thrust loss cwsed by total-pressure loss. 
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Figure 3.- mine air-fluw character lst lce.  
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Figure 6.-  Concluded. 
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Figure l.3.- Performance of a fixsd-gemtry conical-ehock inlet matched 
with two dif’ferent engines. h = 35,000 feet. 
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